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Dear Sir: 


Three copies of our final report on the Use 726 anomaly are attached anc 
additional] copies are being distributed per your direction. 


You will note that our final conclusion is the same as our preliminary one 
which was documented in QB dete: 7/27/67 - the most probable cause was 
a partial failure of the phenolic aylon heat shield which precipitated an 
unusual chain of events. These events, in turn, resulted in parachute deploy- 
ment at such a low altitude that air recovery was virtually impossibic. 


In parallel with our post-flight analysis of Use 726, we conducted a therougzh 
investigation of all heat shields in the field to ascertain whethcr any contain 
potential failure characteristics. All of these shields have now been reapproved 
for flight. We also conducted a complete review of the design, manufaccuring and 
inspection of phenolic nylon heat shields. Certain minor improvements are being 
made in each of these areas as the result of this review. 


Very truly yours, 






Manager 
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FOREWORD 


Anomalous performance of the General Electric 
Satellite Re-entry Vehicle (SRV) No. 726 was 
observed during re-entry on 1 July 1967. An 
investigation of the SRV No. 726 Pre-Flight, 
Flight, and Post-Flight history was conducted, 


and the results are presented herein. 
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1.0 Introduction bare 


During the re-entry portion of the Program TA Vehicle 726 flight the SAV 
experienced an erratic motion hietoey: This resulted in a delayed parachute 
deployment which necessitated a water recovery. 

To determine the possible reason or reasons for this fatlure the available 
data, consisting of recovery subsystem and axial acceleration data were examined 
to determine the cause of the anomaly. A point mass trajectory was calcula‘ed 
based on initial conditions at deboost, and from axial acceleration data and a 
roll rate history derived from the signal strength, the vehicle dynamics were 
investigated as far as practical bused on the amount of data available. The 
shield process and inspection histories were investigated and the recovered 
capsule was subjected to system and component tests. The results of these 


investigations are presented herein. 





2.0 Flight Summary 

Program TA SRV 726 was launched from AFWIR on June 16, 1967. The flight 
duration was 15 days of an on-orbit operation, terminated by deboost recovery 
which occurred during revolution 240 on 1 July 1967. 

The launch, orbital, ana deboost phases were normal. However, during 
re-entry, an apparent roll acceleration was initiated shortly after the end of 
blackout, at an altitude of approximately 89,000 feet. About 12 seconds 
later a perturbation in the SRV axial accelerometer data was observed. This 
motion data was monitored by three different telemetry receiving stations. The 
data received. by these statis, indicating anomalous SRV behavior, was as 
follows: 

(a) The telemetry signal strength exhibited the typical periodic varia- 
tions in signal strength. However, the frequency increased rapidly, 
which signified a corresponding increase in roll rate. 

(b) Axial accelerometer data, which normally increases from saturation 
(-5g's) to -lg, remained essentially at the -5g saturation level 
with spurious excursions above zero. On one spurious excursion the 
level reached +3.9g's. 

(c) The recovery subsystem inerital switches repeatedly opened and closed 
in response to the anomalous axial acceleration. This caused repeated 
recycling of the programmer 34 second timers, so that drogue ejection 
was delayed until an altitude of about 20,000 feet. The planned 
drogue ejection altitude was about 55,000 feet. 

After thermal cover ejection, the Scggence of spurious noise pulses was 

observed on the axial accelerometer data channel for a period of approximately 
31 seconds. 


Because of the delayed chute deployment, the capsule was not sighted until 


it was too low for an air snatch. Consequently, a water recovery was necessary. 
" eee 
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A visual examination of the recovered capsule revealed numerous dents 
and scratches on the capsule skin. 


The aforementioned anomalies are analyzed and correlated in paragraph 4. 
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From the analysis given in paragraph 4,.the following conclusions were made: 


Conclusions 


(a) The orbital temperature data does nat indicate any abnormal temperature 
environment 

(b) The re-entry trajectory of SRV 726 was very close és the planned 
trajectory. The anomaly occurred after the peak deceleration, dynamic 
pressure and heating rate altitudes. 

(c) The thrust cone separation sequency was normal with clean electrical 
disconnect and separation. 

(d) Early re-entry of SRV was normal until §9,000 feet as indicated by 
axial acceleration data and roll rate derived from signal strength 
measurements, 

Ce) At 89,000 feet the presence of a "fin" of about 5 square inches effective 
area could have caused a roll torque of about 8 ft. lbs. The vehicle 
experienced a roll acceleration until apparent removal of the "fin" at 
approximately 69,000 feet altitude. At this time the roll rate peaked 
at 300 rpm and began to decrease. 

(£) It is postulated that the effective "fin" was most likely created by a 
circumferential section of the shield breaking loose an thereby, pro- 
viding a protuberance in the airstream. 

(g) The capsule internal temperature sensors indicated that the internal 
skin temperatures were greater than L00°F but less than 150°F. These 
temperatures are consistent with temperatures experienced on other 
flights of the SRV 726 type configuration where re-entry anomalies 
did not occur. 

(h) Repeated closures of the inertial switches repeatedly recycled the 34 


sec. timers, resulting in a delayed chute deployment. 





(i) 


(j) 


(k) 


As verified by post-flight component and subsystems tests, all 
subsystems and subsystem components operated normally. The telemetered 
accelerometer data was representative of the axial component of 
acceleration, as sensed by the accelerometer in its location off 

the C.G. The recovery subsystem inertial switches operated normally 
by opening and closing in response to the axial component of 
acceleration, as sensed in their location off the C.G. 

The process and assembly inspection histories of shield no. 306 
indicates that it was a prime shield. No reason could be found 

to reflect doubt in the integrity of the shield. 

The anomaly experienced by SRV 726 was probably caused by a random 


structural failure of the shield. 
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The configuration of SRV 726 was similar to other TA vehicles previously 


2.2 Vehicle Configuration 


flown, i.e. there were no distinct differences or significant changes in vehicle 
configuration. 

The SRV system consists of the necessary hardware to survive the powered 
flight, orbital and re-entry eigieonber tac The SRV ts comprised of two major 
assemblies, the thrust cone (r/c) assembly and the capsule/forebody assembly. 

The thrust cone assembly provides the deboost capability of the SRV for 
de-orbit operations. Upon receiving the transfer signals from the spacecraft, 
the T/C thermal batteries are activated and the SRV/spacecraft electrical se- 
paration is accomplished. Electrical separation initiates the T/C programmer 
sequence. The T/C programmer provides a sequence of output signals which spine 
up the SRV, fires the retrorocket, despins the SRV, and finally electrically 
and physically separates the T/C assembly from the capsule/forebody assembly. 

The capsule/forebody assembly is comprised of the recovery capsule which is 
enclosed in the heat shield. The capsule contains the recovery subsystem components 
which enable an air snatch or water recovdry, and the tracking beacon and telemetry 
components. Upon ejection of the thermal cover, the recovery capsule is free 
to disengage from the heat shield. However, the capsule remains in the heat 
shield due to aerodynamic drag until deployment of the drogue, which is attached 
to the capsule structure. Deployment of the drogue and deaieration chute decreases 
the capsule velocity, introducing a difference between the capsule and heat 
shield velocities. This velocity difference causes the capsule to separate from 
the heat shield. Déployment of the recovery chute decreases the capsule rate 
of descent sufficiently to enable an air snatch recovery or structural survival 


of the capsule upon water impact. 
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On the date of recovery, the SRV 726 heat shield (S/N 306) was 94 months 





old. The history of this heat shield and post-flight tests of some recovered 
capsule components are discussed in paragraph 4.0. 
2.3 SRV Mass Properttes 

The weight and balance data of the capsule and available data of the SRV 
are presented in Table 2-1. 
2.4 Sequence of Events 

Table 2-2 lists the sequence of events from arming of the recovery sub- 
system through deboost, thrust cone separation, and recovery subsystem operations. 

The predicted times were supplied to General Electric by an associate 
contractor, The actual values were obtained from analog records from ne 
Tracking Station (deboost area) and a telemetry ship (recovery area). Aircraft 
data were also available from the recovery area but it was not as clean as 


the ship data. 
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2.5 Observed Anomalies 

During the re-entry of ‘ehiele no. 726, various anomalies were indicated 
by vehicle telemetry. These anomalies are described in the following paragraphs. 
2.5.1 Roll Acceleration 

After despin the vehicle roll rate was approximately 10 rpm. This was 
within the specified value of 10 + é rpm. After blackout, the roll rate was 
approximately 8 rpm. However, during re-entry between approximate altitudes of 96,000 and 
69,000 feet, the vehicle experienced an anomalous roll acceleration which resulted 
in a peak roll rate of 300 rpm at 4n approximate altitude of 69,000 feet. The 
roll rate history after blackout, as derived from signal strength variations, 
is shown in Figure 2-2. 

2.5.2 Axtal Acceleration 

Upon acquisition of telemetry data, afiter blackout, the telemetry ship 
data (channel 7) paaieated that the recovery subsystem G switch closure had 
occurred as planned. This data is shown in figure A-2. 

A comparison between measured axial acceleration and the axial acceleration 
calculated from point mass trajectory are shown in figure 2-3. After blackout, 
when axial acceleration decreased in magnitude below the accelerometer saturation 
level, the accelerometer output and the calculated acceleration remain in very 
close agreement for approximately thirteen seconds. Therefore, from this 
correlation, it was concluded that the deboost phase was satisfactory and re-entry, 
until approximately 76586 seconds (altitude 89,000 feet), was normal. However, 
after this time, the axial accelerometer data indicates an anomalous motion 
history which repeatedly saturated at the -5G level and spuriously peaked as high 


as +3.8 G's. 
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2.5.3 Inertial Switch (3G's) 

Anomalous iadteations were also present on the inertial switch telemetry 
monitor (see figure A-2). The switch contact openings and closures are shown 
with the axial acceleration data in f gure 2-3. As shown, the switch opening 
and closure times correspond fairly well, in time, to excursions of the axial 
accelerometer data above and below the 3G level. Therefore, the switch is 


responding to the anomalous axial accelerations. (Note: Only one of four 


inertial switches iS monitored. ) 
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3.0 Anomaly Investigation 


3.1 Mission Profile 
The following orbital parameters for the SRV 726 flight were supplied by an 


associate contractor. These conditions apply for deorbit. 


Height or perigee (hy) 102 nautical miles 
Height of apogee (ha) 196 nautical miles 
Inclination angle (i) 80° 

Latitude of Perigee (@p) 65.8 north latitude 
SRV 726 Weight 374.5 lbs. 


The boost phase of flight was normal with no unusual shocks or vibration 


transients reported. 


The temperature history given in table 3-1 was obtained from an 


associate contractor (Reference 2). These temperatures are within the expected 


values. 





Table 3-1 SRV 726 O:1bital Temperature History 


Revolution Bat. Temp. (°F) T/C temp. OF T/C temp. 
No. | neat retro - skin Cr 
95 — 65 - | 76 34 
105 74 70 62 
il 79 68 60 
120 80 66 60 
127 81 66 60 
136 75 | 67 61 
143 77 64 58 
152 75 . 65 61 
159 ; 73 64 58 
168 80 64 60 
175 | 76 61 58 
184 82 62 60 
191 76 61 58 
200 81 64 60 
207 73 60 59 
215 80 59 60 
223 80 62 60 


232 79 64 64 





3.2 Deorbit/Re-entry Parameters 





The following deorbit/re-entry parameters, as obtained from an associate 


contractor, were normal. 
Latitude at retrofire 
Velocity (relative) | 
Path Angle (relative 


Impact 


55° N. Latitude 
25,250 ft./sec. 
o 


2 


22° N. Latitude 


149° w. Longitude 

A profile of deboost/recovery events during re-entry is given in figure 3-l. 

During the deboost phase, telemetry coverage was available cron Bony. 
GR -<cire at 79568 seconds and faded at 76211 seconds. 
3.3 Recovery 

Late deployment of the recovery chute precluded successful air snatch of the 
vehicle. Therefore, a water recovery was made at a location 23 nauticai miles 
uprange and 5 nautical miles west of the predicted impact location. These locations, 
as well as the reported locations of the telemetry ship and aircraft, are shown in 
figure 3-2. 

After blackout, telemetry egucage was available from the ship and aircraft 
from the end of blackout at 76533 seconds until 77376 sec. The telemetry ship data 
was much cleaner than the aircraft data. Therefore, the ship data was utilized as 
the basis for the analysis presented in paragraph 4. 
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Table 3-2 Previous TA Vehicle Roll Rate Histories 








ii eee ee eee tee a rg 
S/N S/N Date Spin-u Despin Blackout Out 
225 | D ai N/A 62.8 92 60 
229 NAA RJA 32.2 43 41.4 
230 . | N/A N/A 49.0 54.6 53.6 
243 N/A N/A * 4-5 RPM (only 1 cyc. 
visi ble) 
259 23 14 : : 25-27 
279 37 34 No sig. strength avail. 
271 : 60 48 46.2 46.2 46.6 
256 7 | | a N/A N/A *10 (very noisy) 
277 ; N/A N/A *12 (very noisy) 
“281 57 : ° as 
306 | 60.6 10.2 8-9 300 171 


* These rates are difficult to determine and should be considered as approximate 


values only. 


**k These R/V's records were cron and all four have a 10 cps modulation on 
the signal strength trace. This is believed to be put on the tape by the 


receiving station antenna which has a 10 cps sweep rate. 


3.4 Other Flights a 


Analog records of re-entry roll rate data on past TA flights sent to GE-RSD 





for further analysis of roll rate data after spinup, exhibited apparent roll rates 
which were higher than the planned roll rate value after despin. However, in these 
cases, the magnitudesof the peak roll rate values were not as high as the roll rate 
of SRV 726. 

A limited investigation was performed to determine the cause of the high 
roll rates. From this investigation it was concluded that the mass asymmetries of 
these vehicles were not sufficient to cause the high roll rates (Refer to paragraph 
4.2.1). The roll rates during re-entry for each of these vehicles are given in 


table 3-2. 


as 
SEGRE 


as 
4.0 Analysis 


4.1 Hardware Review 

To achieve a high degree of confidence in the vehicle flight per- 
formance, the ecoveres capsule was subjected to a thorough inspection 
procedure. This procedure included a visual inspection to assess any 
apparent structural damage, an inspection of the internal temperature 
indicating tapes to ascertain the maximum internal temperature experienced 
by the capsule, and electrical system and selected component tests. The 
eecdies of these investigations are presented in the following paragraphs. 
4.1.1 Shield History (Reference 1) 

Shield S/N 306 was manufactured on 13 September 1966 and subsequently 
designated for use on vehicle no. 726. Based on manufacturing records of phenolic 
this shield and other shields fabricated from the same lots of phenolicnylon and 
glass, no significant processing incidents occurred which would have degraded 
shield integrity. 

During assembly a discrepancy was noted with two 0.358" holes which were 
mislocated through the aft edge of the forebody and interface bushinr bosses. 
The bossess were removed and new ones were installed. The mislocated holes 
in the shield were filled with compound M&P 100; and after prceper curing, 
new holes were drilled. The radial and circumferential position of the pin 
puller lugs and all components installed in the aft phenolic glass ring were 
checked. 

This dimensional discrepancy was not of a critical nature. Thus, the 


manufacturing and process and assembly inspection records indicate that shield 


ri) aie 


no. 306 was a prime shield and no ineident occurred which would degrade 
shield integrity. 

At the date of recovery from orbit (7/1/67), the shield age was slightly 
less than 10 months. This age is well within the maximum allowable age of seventeen 
months. 

4.1.2 Post Flight Visual Inspection 

During the visual inspection of the recovered capsule, specific attention 
was given to the internal temperature indicators, the capsule attachment 
ring shape and flatness, and the condition of the capsule outer skin. 

Five temp sticks were located on the interior capsule wall. Each indicator 
covered the temperature range of 50. to 250 F in 50° F. steps. Four indicators 
were located at station 19.7, at radial locations of 0, 90, 180 and 270 degrees. 
The last indicator was located on the inside of the nose tip. 

All temp sticks at station 19.7 indicated that the inner capsule wall 
temperature was greater than 100°F. but less than 150°F. The nose tip temp 
stick did not indicate any temperature rise at all, which means that the tempera- 
ture at this location was less than 50%. 

The range of capsule temperatures experienced by vehicle 726 is consistent 
with temperature ranges which were experienced by previous recovered vehicles. 

Measurements were taken on the aft mounting ring to determine the ring 
flatness. An outboard reference point (see table 4-1) was established at the 
180° radial location, and measurements with respect to this point were made at 
inboard and outboard points, spaced 45°, around the ring. The inboard and 
outboard points were approximately one-half inch from the inner and cuter 


edges, respectively. The measurements are listed in table 4-1. The deviations 


Table 4-1 Mounting Ring Plane Measurements 
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Yaw Axis 

Inboard Outboard 

Radial Location (inches) (inches) 

180° +,003 0.000 
225° -0.004 -0.006 
270° -  #9,.008 +0.016 
315° +0,010 +0014 
0° +0.,016 +0,023 
45° +0.003 +0,002 
90° +0.013 +0,020 
135° +0.003 +0002 
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listed are expected as a result of scress from the chute deni ovwcnt shock. 
However, the values do not reflect any effects of overheating. 

Post flight inspection of the recovered capsule exterior showed numerovs 
dence and abrasions of the skin. The location of these dents and abrasions 
is shown in figure 4-1. 

On the basis of accelerometer data (see Appendix figure Pare it was 
concluded that the capsule damage was caused bythe capsule "hanging up" on 
the shield at the time of chute deployment. 

Approximately 0.1 seconds after the firing of the chute thermal cover 
pistons, the accelerometer data shows an abnormal peak. For the next 32 
seconds, spurious noise pulses are present in the accelerometer data. Post- 
flight accelerometer test data (see paragraph ae ee did not show any noise. 
indications, such as those shown in figure A-2, when subjected to acceleration 
along its sensitive axis. However, when chécdccelaeoneter was subjected to 
Lateral shocks, at about 45 degrees from fea weneie ive axis, similar noise 
pulses appeared in the test data. Therefore, on the beets of the accelerometer 
test data, and the capsule damage, it was concluded that upon deceleration of 
the capsule by ejection of the thermal cover (at this time the deceleration 
normally separates the capsule from the shield), the capsule bound in the 
shield and relative motion between the capsule and the shield damaged the walls 
of the capsule. The spurious noise pulses which appaat in the accelerometer 
data for approximately 32 seconds after chute thermal cover ejection are 
indicative of lateral shocks which were a result of capsule and shield rdative 


motion. Further, if the capsule temporarily bound in the shield it is apparent 
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that the vehicle centerline was angularly displaced significantly from 

the velocity vector. No estimates are available on what the magnitude of 
this displacement would have to be in order to cause this binding condition. 
4.1.3 Post-Flight System Test 

To achieve : high degree of confidence in the capsule electrical systems 
flight performance, the recovered capsule was subjected to the pre-flight 
systems test. 

In the test procedure (reference 2), external power supplies were used 
to simulate the vehicle batteries, the spacecraft generated discretes and the 
arm and transfer signals. 

Initially, the telemetry system and the recovery beacons were energized. 
After proper operation of these components was noted, the telemetry subsys tem 
was reset and the command reset was applied to the recovery programmer. The 
eeceraanat circuits reset properly and the test sequence was initiated. The 
programmer events, during flight and during the systems test are compared in 
table 4-2. The system test events were monitored from existing telemetry moni- 
toring points. 

All events occurred within the specified tolerances. It may be noted 
that during flight (see Appendix figure A-1 and table 4-2) the drogue ejection 
time did not occur within the 34+1.5 second tolerance after the final G switch 
opening. The cause of this is attributed to the anomalous motions experienced 
during re-entry and the effect of axial components of this motion on the 
inertial switches, which are offset from the vehicle centerline (see paragraph 


4.2.1). . 
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The four inertial switches (Serial Numbers 680, 686, 690, and 694) were 


4.1.4 Component Tests 


G.1,431 Inertial Switches 


removed from the recovered vehicle and tested on an accelerator table (reference 
4), Each inertial switch, in turn, was fastened on the table at 5.4 inches 
from the center, so that a radial sccelecseian of 36's was present when the 
table was rotated at approximately 140 rpm. To simulate 3G's rising and falling, 
the rotation rate of the table was varied between 135.3 and 144.9 rpm to 
obtain radial acceleration levels between 2.8 and 3.2 G's, respectively. For 
each switch, the rotation rate of the table was changed at three different 
rates so as to subject each inertial switch to acceleration rates of 0.1G/ 
eecendi and 0.25G/second. As the radial acceleration was varied above and 
below the 3G level, the table rotation rate at which the switch contacts opened 
and closed were recorded. Corresponding levels of radial acceleration were 
calculated for each of these table rotation rates. These data are presented 
in table 4-3. 

The calculated G levels at which the switch cantacts operated were all 

within the specified tolerance of 3 + 0.15 G's. Therefore, it was concluded 

that the inertial switches performed satisfactorily during flight. 
4.1.4.2 Axial Accelerometer 

The axial accelerometer was removed from the recovered capsule and tested 
on the accelerator table (reference 3). The speed of the table was varied 
to obtain various levels of acceleration. In order to obtain calibration 
data for each half of the accelerometer range, the accelerometer position was 
changed 180 degrees. For the various acceleration levels, the output voltage 


supply voltage 


Vv 
(Fe were recorded. Acceleration was then plotted as a function of ve. 
Vs 


“ The resulting curve, as shown in figure 4-2, indicated that the accelerometer 
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Table 4-3 Inertial Switch Test Data 


Acceleration Rate Switch Contact Table Speed Caiculated Radial 
(G's/second) Events (rpm) Acceleration(G's) 


ee a yy SS SS a 


Switch S/N 680 


+O0.1 Open 143 3.128 
-0.1 Close 140 2.998 
+0.143 Open 141.6 3.067 
-0.143 Close 140.1 3.003 
+0.25 Open 143 3.128 
-0.25 Close 140 2.998 


Switch S/N 686 


+0.1 Open 142 3.084 
-O.1 Close 140 2.998 
+0.143 Open 141.8 3.076 
-0.143 Close 140.1 3.003 
+0.25 Open 142 3.084 
-0.25 Close 140 2.998 


Switch S/N 690 


+0,1 Open 142 3.084 
-0.1 Close 139 2.995 
_0.143 Open 140.6 3.024 
-0.143 Close 139.6 2.981 
_0.25 Open 142 3.084 
-0.25 Close 139 2.955 


Switch S/N 694 


+0,1 Open 143 3.128 
-O.1 Close 140 2.998 
+0.43 Open 141.6 3.067 
-0.43 Close 140.7 3.028 
+0.25 Open 143 3.128 
-0.25 Close 140 2.998 
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Bess 
response was near linear over the entire range. The maximum hyste was 


approximately 0.2G. During this test, no noise was present on the accelero- 
meter output. 

The second portion of sia Wout consisted of subjecting the accelerometer 
to shocks from adrection of approximately 45° from its sensitive axis to 
simulate ices motion between the capsule and the shield. The shocks 
consisted of tapping the accelerometer with a hard object. The test data 
indicated noise pulses which were very similar to the noise pulses on the 
accelerometer flight data. It is believed that the noise pulses present in 
the flight data are the result of lateral shocks for the following reasons: 

a) The noise pulses are watdieene Von towards -5G's. This level 
is also representative of zero volts input, or an eoeh circuit condition 
which could be caused by lifting the accelerometer wiperarm from the re- 
sistive element as a result of lateral shock. .If the pulses were the result 
of an axial component of the shocks, the direction would be randomly above 
and below the ambient acceleration level. 

b) An intermittent connection between the eecteboustes and the sub- 
carrier oscillator was considered as the noise source. However, during post 
flight systems test, the telemetry system did not exhibit any type of noise 
condition. If the telemetry system was the source, this would have been 
readily apparent during systems test. 
4.1.4.3 Parachute Swivel 

The parachute swivel assembly was tested (reference 4) to ensure its 
integrity under the high roll rate conditions imposed at the time of chute 
deployment (86 rpm). 


The swivel was placed in a bench test fixture and 200 lbs of. weight 


£ of ; 
~ hii 
> oO 





was suspended from the free end. The test fixture rotated the swivel at 
100 rpm for a 10 minute period. During this period, the swivel showed no 


sign of binding. This test served to ascertain the performance of the swivel. 
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The major correlatable parameter is the flight time from end of retro burn 
to 3G descending. This time interval agreed to within 3 seconds indicating 
that the computed trajectory is a good simulation of the actual one. [Eigures 
4-3 and 4-4 present the trajectory parameters vs. altitude. The significant 
features to be noted are that data cae recorded during peak loading and 
the anomaly did not occur until well after the time of peak loads and pressures. 
Figure 4-5 shows 4 typical angle of attack convergence history. Again although 
there is no-way to determine the actual angle of attack, the vehicle has 
good mass properties so there is no reason to think that the angle of evar: 
would have varied from the typical by a Significant amount, 

At approximately 89,000 feet a very abrupt change occurs in the flight. 
The vehicle begins a very rapid spin-up which appears to be accompanied by 
large lateral rates. The spin rate history as derived from signal strength, 
is shown in Figure 4-6. The spin rate quickly reaches a peak value of 300 
rpm then abruptly stops spinning-up. Beyond this the spin begins to decrease 
and vary erratically, the dotted curve in this region indicates that the rates 
areapproximate because of the vehicle motions which result in a signal strength 
record from which it is difficult to derive the spin rate. 


Using the dynamic pressure history arrived at in the simlated trajectory 


and the relationship 


xP = Cl Iq $d - 
or 
Cy = Ix 
Gq Sd 
where 
Tt, = roll moment of inertia 
Pp = roll acceleration 





Qo = free stream T_T 
ct 
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4.2 Re-entry Dynamics : - 7 FC : 


4.2.1 Flight Dynamics 
It is believed that vehicle 726 experienced a violent motion history near the 
time of planned chute deployment as a result of a large "effective fin", on the 
heat shield. As a result of these eathane: the axial acceleration components sensed 
by the recovery programmer G switches caused repeated recycling of the programmer 
34 seconds timers. Consequently, chute deployment was delayed for approximately 
35,000 feet below the planned chute deployment altitude. 
Flight data, from SRV separation ORR ce. 240) loss of signal, 
indicates normal performance from SRV separation through spinup to approximately 
60 rpm, retrofire, and despin ato about -lOrpm. The vehicle roll rate after 
blackout is constant and near the despin rate (approximately -8rpm), indicating 
that the vehicle trajectory and motion were normal. (Combinations of mass asym- 
metries can account for roll rate variations of approximately +5 rpm even without 
the development of aerodynamic asymmetries. Aerodynamic asymmetries can account 
for roll rate variations up to +20 rpm by the time of G switch opening.) Also 
the measured axial agceleration history follows the predicted values, down to 
an approximate altitude of 89,000 feet. Therefore, although data is not available 
fron 1055 of signal to 140,000 feet during re-entry, the re-entry is 
considered aeedel wae! 89,000 feet altitude. ; 
Tracking data is not taken on these flights so a composite trajectory 
was put together coupling a Keplerian orbit section from de-boost to re-entry 
(400,000 feet) then a point mass simulation to the ground. The re-entry 
conditions thus arrived at are: | 


400,000 feet 


h = 
V = 25252 fps 

(relative geodetic) 
8 = 2.005 deg. 
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a ¢: 
: i 
Ss = vehicle reference areal}. -re-=base area) 


d - vehicle reference length(2.75ft=base diameter) 
the aerodynamic roll coefficient, C,;, required to spin the vehicle up was 
derived. This coeffictent was found to be almost constant during the spin-up 
with 4 value of about 0.0025. (By comparison the worst of the ballistic 
vehicle shields has produced 3 roll coefficient of about 0.0005, and they are 
generally less than 0.0001.) | 

The sudden peak/reversal in the roll acceleration is probably a result 
of the "effective fin" breaking loose or changing configuration rather than 
the vehicle reaching its equilibrium roll rate. If the vehicle were approaching 
its equilibrium roll rate (where the angle of attack induced by rolling equals 
the fin effective angle of incidence, tan if = 59) there would be a gradual 
decrease in roll acceleration as the roll rate asymmetrically approached the 
equilibrium. Furthermore, the centrifugal force (@* r) is about 35G's at the 
outer edge of the shield. . 

Further insight into the “motion: has been extracted from the differences 
in accelerations measured at two points on the body not at the c.g. While 
the vehicle is stablized in the general direction of the flight path («€30 degrees) 
the axial deceleration is about that predicted using the point mass simlation, 
accelerometer variations from the aerodynamic drag deceleration are due to body 


rates and angular accelerations. The expression for differential accelerations is: 


aAx=i [ 25 - vt + yap - x Cg? + 2) + Z re| 


where 
g= acceleration of gravity (32.2 ft/sec) 
x= distance of accelerometer ahead of c.g. 


y ,z= lateral coordinates of accelerometer 


p= roll rate (about x) | Tce: 


+b 


; = pitch rate (about y) 
r= yaw rate (about z) 
q = pitch acceleration 
r= yaw acceleration 
Analysis of the contribumrs in the equation yields the following (for the 


particular case at hand only): 


Ll. the values of q and r are approximately less than 5 
2. the values of gp and rp are about 200 
34 the values of q? + r? are about 100 


The terms involving q and r can be dropped without compromising the results 
since the values of x,y and z are all about equal. 


The accelerometer and G switch locations are as follows: (See Figure 4-7) 


x y z 
Accel. . 56 -.72 -42 
3G Switch 51 -.56 -.42 


A small computer program was written and parametric data generated to 
determine the GAx and Ag values at instrument locations as a function of Lateral 
rates. This information is presented in Figure 4-8. By looking at times 
when the 3G switch changes position ( when (4G -2, since aerodynamic "G"2-1) 
and the corresponding accelerometer reading, a rough approximation of the lateral 
rates can be determined. Table 4-4 shows the approximate rates at the g switch 
openings and closings. The "normal" total lateral rates during this period 
a@re ~ 10 degrees per second with a very conservative 3¢ high of 250 degrees 
per second existing for a very short time (several seconds) at Mach No.7~0.B5 
damping to~ 20 degrees per second within 10 seconds. The high 30 rates are 


due to the uncertainty in predicting the aerodynamic damping parameter, Cmq, 
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Table 4-4 Body Rates at Times of Inertial Switch Events 





Time Ax G P Q R 
(sec) (g) | (g) (rpm) . (Deg/Sec) (Deg/Sec) 
76593.06 -0.2 0 140 15 -15 
76607 .41 (-3.7) -1.1 280 136 - 280 
76621.12 +4.0 -1.7 214 - 400 170 
76624. 55 0 -1.8 218 -150 - 150 
76626.05 0 -1.8 208 150 - 150 
76631.16 (-6) -1.8 200 280 - 480 
76634. 58 +0.8 -1.9 175 -170 -110 | 
76646. 34 (-5) hg 209 200 -450 
76661 .76 -3.8 -1.9 184 110 - 400 





( Ax) indicates approximate value since instrument is saturated 
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Figure 4-8 Agcel. Incéement due to Body Rates 


in the transonic regime. Rates on the order of 250 degrees per second do 





not normally pose a problem, rather it is in combination with high roll rate 
as seen in the equation for AAx where the dependence is on pq, pr, and 

q? + r*, Even if the vehicle were to reach the 250 degrees/sec peak (which 
is would not since it occurs about 15 seconds after nominal drogue deployment) 
the acceleration at the g switch would be a maximum of ““1.5g's instead of 
its nominal” 1.2 g's. 

The accelerometer trace is shown in Figure 4-9. Marked on the figure are 
the times when the g switch upened or closed since those are the only times 
when the acceleration level at the g switch are known. 

Having established the foregoing, an attempt was made to simukte the 
data using the six degree of freedom computer program. The major desire here 
was to determine the trim angle of attack required to generate the rates 
derived from the accelerations. This would aid in the determination of the 
protuberance configuratton. In way of explanation: 

A protuberance on the forebody can give a rolling moment and a lateral 


moment. This lateral moment can be expressed in coefficient form as Cmo = mo 
qaw Sd 


which can be further interpreted as a trim angle of attack where the trim 

angle is such that the total moment coefficient goes to zero. By iteration 

the proper combinations of Cmo and Cno can be found which yield the desired Seed, 
The iteration process was carried out only to the extent that the approxi- 

mate “was determined during the initial spin-up. At 76,608 seconds (end 

of spin-up) another configuration change apparently takes place and no attempt 


was made to simulate data beyond that point. The trim angle thus derived is 


a 


4 to 5 degrees. 


—-SEGRET- 


a ll 2 





Combining this information with "fin" data from paragraph 4.2.2 yields: 


"Fin" incidence angle 22 to 28° 


: : 2 
Fin effective area 4 to 5 in 


Three other flights such some degree of spin-up were investigated on 
a cursory basis. The spin-up on those flights was not as drastic as on the 
726, nor was any recovery problem encountered. 

The spin torque coefficient, C,, was found from the roll acceleration 
‘in the period just following 3 g switch opening. Then assuming that the 
oekeraent was constant, the altitude at which spin-up started was determined. 
In each case there are two altitudes quoted for the beginning of spin-up 
depending on whether a spin direction reversal occurred. 

In no case were the mass asymmetries large enought to be responsible 


for the roll histories. 


Flight Max Spin (rpm) Cj Alt. C,(Ft) Alt. Cj, (ft) 
702 103 0.0004 95000 99000 
703 43 0.0005 90000_—O—= 94000 
704 <3 55° 0.0002 — 100000 106000 
726 300 0.0025 = 89000 
4.2.2 Aerodynamics . Su mn 


At the time the vehicle began to spin-up the freestream conditions were 
M*44.0 and qg= 250 PSF. Considering a roll torque eveneietent (C1) of .0025, 
the roll torque produced is approximately 8 foot pounds. Many different 
causes of vehicle spin-up are possible, and with the available information 
no one particular cause can be isolated. However, the assumption that the 
failure resulted in a "fin" protruding into the air stream will point out the 
large perturbation to the vehicle configuration which is required to produce 
the observed roll acceleration. Figure 4-10 shows the relation between the 
assumed "fin" area and incidence angle that would be peuniced to produce the 
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Figure 4-10 Variation of 
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ON 


the rol! moment. It should be pointed out that another assumption that was 
made that the vehicle roll did not reached an equilibrium condition at p = 
270 rpm. This assumption was based on the shape of the p vs. time curve 
and the fact that sighificant vehicle mgle of attack also occurred. In 
figure 4-10 the Mjocqi * 1.2 is felt to be representative of the local con- 
dition at the rear portion of the vehicle. As shown for an incidence angle 
of 15°, the tequired area would be about 5 in, 

In addition to the roll-up, vehicle trims were tndicated by the vehicle 
accelerations to be on the order of 4 to 5 degrees angle of attack (see para- 
graph 4.3.1). For the combination of “fin” area and angle of Figure 4-10 
the induced trim angle of attack was estimated. From Figure 4-11, an induced 
angle of attack of 4 to 5 degrees Would require a “fin incidence angle of 
about 22 to 28 degrees. This angle corresponds to a “fin" area of a about 
& in, 

On- board accelerometer data indicates that a combined vehicle trim angle 
and roll torque developed after emergence from blackout. It appears that an 
instantaneous perturbation to the vehicle configuration occurred at this time. 
The assumption that an effective fin was produced on the vehicle conical ictece 
results in the requirement that this "fin" have an "effective" area on the 
order of 5 in*. Since this is a rather large area it is felt that a significance 
failure of possibly one section of the heat shield allowing it to "spring" into 
the aicstreem could explata the large roll torque. 

4.2.3 Therwodynanics 

An estimate of the SRV 726 aerothermodynamic environment was made utilizing 

the trajectory parameters discussed in paragraph 4.2.1. Convective heat 


transfer rate predictions, based upon a zero angle-of-attack and laminar 


boundary layer flow conditions, are presented in Figure 4-12 for representative 
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Appendix 2 


Reference Documents 


Summary Report for Forebody S/N 306 am: rev. A), 
17 July 1967 (U). | , 


Systems Quality Control Test Data, Standing Instruction No. 237377, 
System Test Data. 


Inertia Switch and Accelerometer testing, 24 August 


1967 (U). 


Parachute Swivel Assembly, Performance Data Sheet of Test performed 
Lk August 1967 (U). 
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body locations. These predictions indicate that the thermal environment 
experienced by the SRV 726 was essentially a nominal re-entry environment 

as indicated by the magnitudes and duration of the predicted heat pulses. 

Hence, the thermal performance of the SRV 726 heat protection system, assuming 
a nominal angle-of-attack envelope, should have been comparable to that of all 
other previous R/V's with similar trajectories. However, the onset of a 
significant roll torque was evidenced in the motion data, see Section 4.3.1, 

at approximately 89,000 feet altitude, shortly after the end of the heating 
period. The magnitude of the m1l torque is such that it could not be re- 
flecting R/V configurational asymmetries resulting from surface recession alone, 
since the surface recession depths for a typical SRV re-entry are quite small. 
Therefore, the “apparent fin" postulation considered, discussed in Section 4.3.1, 
requires the occurrence of a severe thermal shield anomaly, a random thermo- 
structural failure resulting in a protruding segment. Although the heat pene- 
tration to the phenolic nylon-phenolic glass liner ietartace is substantial 

at the end of the heating period, a thermal structural failure would not be 


expected. 
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Appendix 1 


Flight Data 


Figure A-1 


Deboost Events 


Figure A-2 


Recovery Events and Afial Acceleration (Ship) 
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PROGRAM INFORMATION REQUEST / RELEASS | CLASSIFIED 
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($ & SS - MOC&T 


Room 5000 MB 
OATE SEAT DATE INFO. REQUIRED 


7/17/67 


Program Manager 
Room 6715 Chestnut 
"REFERENCE O{R. NO. 





PROJECT AND REQ. NO, 
S/N 306 F/B Summary 





SUBJECT _ - 

Summary Report for Forebody s/N 306, Dwg. #198R301 Rev. AH, - AN 50 
| NCS-2392-B Manufactured 9/13/66 (Cold Soak 

INFORMATION REQUESTED/RELEASED 





1.0 Materials Testing 
i.1 Phenolic Impregnated Reinforcing Cloth - US Polymeric 


1.1.1 Glass per specification 156A9855-PZ-Péev. E - Lot E~7186-2, 3 ~- Tested and 
accepted under MA 35282. 


1.1.2 Nylon per specification 156A9743, Type I, Rev. D - Lot 7072-5 - Tested and 
accepted under MA 33635. 


1.2 Adhesive - Adlock#642 - per specification 147A1219 Rev. A - Lot 553 
Tested and accepted under MA 33441. 


2.0 In-Process Testing (226£590 Rev. K AN 15) ; 
Per NCS - 2392 - B (Job Lot #WT-304-X2) _ 
2.1 Non-Destructive Testing 
2-1-1 Radiographic inspection - accepted after inspection on MA 36750 
2.1.2 Ultrasonic Inspection - Tested and accepted on MA 36665 


2.2 Trim Ring Chemical, Mechanical and Physical Properties Tests - Tested and 
accepted on MA 36418. 


3.0 Final Inspection 

3.2 Visual per NCS-2392B, accepted per planning. 

3.2 Dimensional per dwg. #19§R301 Rev. AH - AN 50 - Job Lot #r-804-c2, IR 59086 
Discrepancy | 
Phenolic ring, Dwg. 67D'22-Pl, displace circumferentially by 1/4" (i.e. 


ring not centered with when referenced tc shield lug flats and magnesium ring 
location). 


- con't, - 










PAGE NO, ff RETENTION REQUIREMENTS 


COPIES FOR MASTERS FOR 


[ j 1.4, { } # mos. 





(lL? ves. C1 ¢éos. 
\ _ = Cl smes. | (tz mes. 
in ai oe oe eee 
‘ 63 1 (j.o2™27 orst 





eS eee 


mm as a rt iy ee 


- ‘pir #8382-880 Rev. A 


ie SeCne 


4.0 


5.0 


Disposition 


"Misplaced location of plienolic/gless ring is acceptable off center position 
of ring and joggle will not effect strength of lug installation and forebody 
assembly." By SVE, MQC &.T 






Assembly Discrepancy - IR 55267 "3 
Discrepancy 


Two 0.358" Diameter holes are mislocated through aft edge of the forebody and 
interface bushing bosses. 


Disposition 


(1) “Remove two bosses, install new ones with correct riviting. 
(2) Fill up mislocated holes in shield with M & P 100. 
(3) Drill new holes per view T and Section N.N of 198R301. 


(4) Check radial and circumferential: position of pin puller lugs and all 
componants installed in aft phenolic/glass ring. Use magnesium. ring 
position as reference. 


(5) Before drilling bosses, the M & P 100 must have the proper cure time." 


Conclusion . 


Shield S/N 306 had no processing deviations and all acceptance and in- 
“process tests were conforming. The dimensional discrepancies on IR's 59086 
and 55267 are not of a critical nature and were either reworked or accepted. 
One other IR, 50250, cencerned the "Bath tub. fittings” which stated that the. 
tensile values ovtained on the test bar did not conform to the minimum values. 
This item was bought off by SVE. 
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Inertia Suttch and Accelerometer Test {ng 





bar rlirginsy— arr entatal aria =: ree een wer on mn, pe cr Pr — one 
ca See. ‘ = “Pp 7s To WIERY erent A ir en ete 
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Per your requiot, Inertia Switch S/N 6&9, Deg. 11105548 from TA 
Recovery Tray, bug. 47810935162 wao beach tested per SI 24536, : 
para. 2.5. In addition, the inertia Switch ramp rates were 

varied from 1G/7 sstonds to: 16/4 ssconds, 16/10 seconds, end 

at random rcp rates batveen ease tvo lintts. The data obtained 


conclusively shows prsper operation a% all ramp rates, with 


absoluzcly no chatter, or intermittent operation. 


was tested for linearity and hysteresis on the 24" radius 


ee eka see OR PN aA aR! BPG I BP aD FY EAE el LAC ©: FA 1 ce ta + Ae ND “END - ee 


accelerator, Ths data obtained shows near perfect linearity end 
very little hysteresis. The ecceleromster appears to be Eunction(ng 


properly. 


The Inertta Switch and Acceleromater test data .is enclosed for 


your review. 


{ 
The S VDC Potenttonztric Accelerotzter also from Eccovery Tray, 
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Appendix 3 


Related Reference Documents 


Additional data pertaining to the history of shield S/N 306 was 
gathered during the course of tiis investigation. This material 


is included as supplemental information. 
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VJ/TA Progran Manager ‘ 


Room 6715 Chestnut 
REFERENCE DIR. NO. 


PROGIAM INFORMATION REQUEST / RELEAS 


FS QM S07 Te > 

| eS oe 8/ [6 
Room 5000 MS Ext. 2777 

DATE SENT OATE INFO. REQUIRED 
8/17/67 


SUSJECT 

















PACJECT AND REQ. NO, 








3/TA ¥/B Summary 







USE AND PROCESS SUtrlARY FOREBODIES 300 - 309 (Dwg. #198R301) | _ 





INFORMATION REQUESTED/RELEASED 


1.0 SUrMARY (USE) 


The table below shows the program and vehicle or disposition of Fore- 
bodies 300 - 309; (No forebodies other than 306 have flown) 


. . S/N Program Shipped on Vehicle Subsequent Application 


300 A-45 e 738 : 741 
. 301 A-45 739 725 7 
302 H-30 | 3075 : 3075 
303 — TT 1515 1515 
304 | -- ° Rejected for prime -- 
use for liner wrinkles 
305 -- ay oo 
306 A-45 __740 ° 726 
307 TT : 1516 * 1516 
-  * 308 A-45 741 | e 739 














309 A-45 742 740 
2.0 PROCESS AND MATERIALS DATA | 


The data summary on the attached sheet shows the phenolic glass and 
phenolic nylon used on shields 302 - 309. This includes all shields made 
with nylon and/or glass of the same lot as shield S/N 306. 


3.0 DISCUSSION AND CONCLUSIONS 


It can be seen that F/B 305 & 306 were fabricated from the same lots of 
nylon. and glass. However, F/B 305 was rejected for wrinkles in the nylon 
after cure. F/B 306 showed no such discrepancy. Due to the wrinkles, F/B 
305 was not subject to the shield physical, chemical and non-destructive 
tests. F/B S/N 307 also used the same lot of phenolic glass and like F/B 
s/N 306 was an acceptable forebody. There were no significant processing in- 
cidents recorded on S/N 306 which would indicate potential failure. 


Based on this review of S/x 306, and comparison with other shields made 
before and after, s/n 306 was a prime shield from the materials and processing 


\ history. 


PAGE NO. 





JW RETENTION REQUIREMENTS 





=m @erxr nr S$ — ~~ er ree 


vw : : oS = a 














Mfg. '  *p/Glass © P/Nylon- Adlock X-Ray Ultra- Tris. 
S/N Date Lot # MA # Lot # MA # jLot # MA # Accept. MA # Sonic Ringe 
(200 «8/5/66 7158-3 34965 7072-1,3 33636 553 33441 = 36584 36127 =. 35827 


Discrepancy Summary 

IR 550 94 - Adlock cure cycle was speaieess 7-7-66 at 2215. Phenolic nylon layup was started 
7-11-66 at 0730. Req'd. within 48 hours. Disposition: Material shelf Life 90 days at roon 
temperature. Verify bond by lap shear machined from trim ne P/N - P/G. Trim ring P/N - 
P/G lap shear tested and accepted on a 36141. ong i 


301 8/12/66 7158-3,4 34965 7072,3 33636 553 33441 37010 36234 36074 
Discrepancy Summary . a 

‘None ; 

302 8/15/66 7158-4 34965 7072-4 33630 553 33441 | 36340 36266 36070 


Discrepancy Summary 


IR 43395 - 195R-306-P2 Magnesium Ring - Gouge 0.120" from forward edge of 4 pads 0.030" deen. 
Disposition: Discrepancy is acceptable. Extra step will not substantially reduce ring to F/ 
bond area. 


303 9/1/66 7186-1 35282 7072-9 33635 553 33441 - 36661 36495 36269 


Discrepancy Summary 


1.488 + .005 hole location of interface lug is 1.496 - Disposition: O.K. as is. (IR 55927) 
IR 49730 - Depression on ID of shield. Disposition: Build up with M & P 100 and blend to 
normal contour of shield. 


304 ---- 7186-1&2 35282 7072-9 33635 553 33441 e--- e--- wee 


Discrepancy Summary Se oe ; 
Scrap per IR 49727 8/19/66 aaa Excessive wrinkles 


305 ---- 7186-263 35282 7072-2 35781 553 33441- ---- enn nee 


- 


Discrepancy Sumnary . 
Not acceptable for prime use per IR 55968. Excessive wrinkles. 


* 
# 


306 9/13/66 7186-2&3 35282 . 7072-5 33635 553 33441 36750 36665 36418 


Discrepancy Summary 


IR's 59086, 55267 ring & hole loc. IR 59086 - Phenolic ring, Dwg. 67D122-P1, displace circuz 
ferentially by 17a" (i.e. ring not centered with when referenced to shield Lae flats and mac- 





2Sium ring location). Disposition: ="Misplace location of phenolic/glass ring is acceptable 
off center position of rinz and jos eae will not effect strength of lug installation and fore- 
aE uj 


—_——oo—i te con't. = 


Nf ae 


Fage Turee 


Discrerancy Summary 





easy: 


55267 - Two 0.358" diameter holes are mislocated through aft edge of the forebody and 
. ae bushing bosses. Disposition: Rework and -check location of ecnpenene in aft 
ring. Before drilling Ses, ses, the M & P 100 must have the proper cure time. Signed 









SVE - MQCC & T 
Son a. Mfg. " B/otass P/Nylon Adlock X-Ray Ultra- Trin 
wh Date Lot # MA # Lot #. MA # Lot # MA # Acceot. MA # Sonic Ring 
307 10/13/66 7186-2&3 35282 7224-1 35950 553 33441 37341 " 37043 37066 


Discrepancy Summary 


MA #35950 non-conforming IR 43495 - High flow accepted based on Vol. Index and model SENAY 
Discrepant rolls 3 & 4 returned to endor’ 


~ 


308 10/20/66 7297-1 (36175 7291-5 36653 «55333441 «= 3 7448A 37344 37217 


Discrepancy Summary 


IR 59089 - (1) Two depressed areas on ID near aft end. Disp.-Fill with M & P 100 and blend 
to normal contour of shield. (2) Depth from aft edge to inside of nose should be 26.41 
+ The. Actual depth is 26.386. Disposition: Accept as is. 


309 10/14 4/66 7297-1&2 36175 7291-5&6 36653 553 33441 - 37449 37323 37180 


viscrepancy Ss mary 


IR 59093 - three depressed areas at aft end of shield .030 to .060 deep. Disposition - Fill 
with M & P 100 and blend to normal contour of shield. 
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GEBERALS j RLESTINS 
REEL STRY SYSTEMS DEPARTALINT 
3156 CHESTUT ST. 
PHILADELEZIA 1, PA. | 
July 13, 1967 
SUBJECT 
4 
MEMO #19 
TO: QAE 
Room 5012 MarBar 
FRO: CQCE 
Room 5008 Marber 
SUBJECT; Data Review - Dual Ejection Programmer P.O. #68784 
Per your request of 7/11/67 the writer has reviewed the acceptance data 
for the subject serial number and cannot find any out of tolerance 
degradation. 
NOTE: This unit has been cycled through the test area once. A copy 
of the data is attached. U.C.I. No. 1-47D168535 & IR 34407 affects TLM 
readings only, no effect on performance. 
| CQCE 
*" Room 5008 MarBar 
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